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Tomoyuki Nemoto* & Hiroyoshi Ohashi* : Floral nectaries in 
Lespedeza, Kummerowia and Campylotropis 
(Leguminosae)** 

U : '' ¥M, tf 

(PL. IV-IX) 

Taxonomic confusions between Lespedeza, Kummerowia and Campylotropis 
have long been known and Ohashi (1971) emphasized need of studies on these 
genera. They have recently been attributed to the subtribe Lespedezineae of 
the tribe Desmodieae in the subfamily Papilionoideae of Leguminosae (Ohashi 
et al. 1981). The subtribe includes two other genera, i.e., Phylacium and 
Neocollettia. Phylacium is distinguished among the five genera easily by the 
climbing habit with large inflorescence-bracts and, also, Neocollettia by the smaller 
and creeping habit with roots at the node of creeping stems and with geocarpic 
fruits. The remaining three have often been considered to be a continuous 
species group, due to similarity in externai appearance between them. Lespedeza 
is a main genus including subshrubs with axillary fascicles on one hand, which 
are similar to Kummerowia, and shrubs with many flowers on terminal and 
axillary long racemes, which are similar to Campylotropis, on the other hand. 
Lespedeza was created by Michaux (1803). Campylotropis was distinguished 
from Lespedeza by Bunge (1835), but it has often been included in Lespedeza 
(Maximowicz 1873, Baker 1876, Taubert 1894, Schindler 1911, Nakai 1927, Backer 
& Bakhuizen van den Brink Jr. 1963, Ohashi 1971). Schindler (1912) recognized 
Kummerowia on the basis of Lespedeza striata Thunb., but it has often been 
considered to be indistinct from Lespedeza by Isely (1948), Clewell (1966) and 
Ohashi (1982). Lespedeza, Kummerowia and Campylotropis were treated to be 
distinct genera by Schindler (1913) for the first time. This concept has been 
followed by Hutchinson (1964) and Ohashi et al. (1981). These genera have 
been distinguished by the following characters (Ohashi et al. 1981) : 

* Biological Institute, Faculty of Science, Tohoku University, Sendai 980. S^n 

** Contribution in honor of the late Dr. Hiroshi Hara. 
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Lespedeza with lateral nerves of leaflets looped within the margin; keel straight, 
blunt; primary bracts subtending 2 fiowers; bracteoles often persistent; 
Kummerowia with lateral nerves of leaflets strong, parallel, mostly unbranched, 
extending to margin; small axillary flowers and fruits subtended by several 
bract-like structures ; and 

Campylotropis with lateral nerves of leaflets looped within the margin; keel 
shallowly falcate, acute; bracts generally 1-flowered; bracteoles soon decid- 
uous. 

In the present paper we tentativelly follow this concept and treat them to be 
distinct from each other. 

The presence of a floral nectary or disc has insufíiciently been known in 
Lespedeza, Kummerowia and Campylotropis. The term “disc” has been used 
for a kind of floral nectaries which occur as a ring or sheath surrounding the 
base of gynoecium. Maximowicz (1873) mentioned the disc for the first time in 
the genus Lespedeza including Kummerowia and Campylotropis. He wrote 
merely ‘discus obsoletus’ in the general description of the genus. Moore (1936) 
studied the floral vasculature in Lespedeza repens, but described no discs in the 
species. Waddle & Lersten (1973) breafly reported the nectariferous tissue in 
an unknown species of Lespedeza. Ohashi (1982) described the presence of 
nectaries in Japanese Lespedeza including Kummerowia. 

Some genera and species are described as having discs in the genus Desmodium 
and its allied genera (Ohashi 1973). The presence of the disc is one of the 
important characters distinguishing genera or subgenera in these taxa, and a 
probable trend of evolution in floral disc is considered to be from present to 
absent (Ohashi 1973). Polhill (1981) proposed a trend of advancement in floral 
nectaries to be from in hypanthium through intrastaminal disc to extra-staminal 
disc and to absent in papilionoid legumes. 

In this paper we describe morphology and anatomy of the floral nectary in 
the genera Lespedeza, Kummerowia and Campylotropis in order to clarify rela- 
tionships among these three genera. 

Materials and methods 

Detection of the néctar: When we removed the calyx and the standard of 
fresh flowers of Lespedeza and Kummerowia, we could observe clear liquid secreted 
at the base of the inside of staminal tubes. We tried to confirm at first whether 
the liquid contains sugar or not. We applied Fehling’s test to detect sugar in 
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Tab. 1. A list of fresh and FAA-fixed materiais examined. Voucher specimens are all kept in TUS. 

Taxa Locality & Collector 

Lespedeza subgen. Macrolespedeza 

L. bicolor Turcz. Japan, Miyagi Pref., Sendai. T. Nemoto 1544. 

L. buergeri Miq. Japan, Miyagi Pref., Kanan-cho. T. Maruyama & T. Nemoto 1545. 

L. cyrtobotrya Miq. Japan, Miyagi Pref., Kawasaki-machi. T. Maruyama & T. Sakai s.n. 

L. homoloba Nakai Japan, Miyagi Pref., Sendai. T. Nemoto 2894. 

Japan, Miyagi Pref., Sendai. T. Nemoto 2895. 

L. japonica Bailey 
var. japonica 

f. japonica Japan, Miyagi Pref., Sendai, cult. T. Nemoto 2884. 

f. angustifolia (Nakai) Murata Japan, Miyagi Pref., Sendai, cult. T. Nemoto 2886. 

L. maximowiczii Schneider 

var. tomentella (Nakai) Nakai Japan, Miyagi Pref., Sendai, cult. T. Nemoto 2896. 

L. pubescence Hayata Taiwan, Nantou Co., Chingching Farm. H. Ohashi et al. 12440. 

Originated from Taiwan; cultivated in Exp. Gard. Tohoku Uuiv. in Sendai. 
T. Nemoto 2295. 

L. thunbergii (DC.) Nakai 

var. thunbergii Japan, Miyagi Pref., Sendai, cult. T. Nemoto 2885. 

var. patens (Nakai) Ohashi 

f. patens (Nakai) Ohashi Japan, Fukushima Pref., Nishiaizu-machi. T. Nemoto & H. PIoshi 1661. 

Japan, Nagano Pref., Otari-mura. T. Nemoto 2188. 




Japan, Yamagata Pref., Iide-machi. T. Nemoto 1867. 

Japan, Yamagata Pref., Ooishida-machi. T. Nemoto 2218. 

Lespedeza subgen. Lespedeza 

L. chinensis G. Don Originated from Taiwan; cultivated in Exp. Gard. Tohoku Univ. in Sendai. 

T. Nemoto 2395. 

L. cuneata (Dum.-Cours.) G. Don Japan, Miyagi Pref., Sendai. T. Nemoto 2892. 

L. juncea (L. fil.) Pers. Japan, Miyagi Pref., Sendai. T. Nemoto 2893. 

L. pilosa (Thunb.) Sieb. et Zucc. Japan, Miyagi Pref., Sendai. T. Nemoto 2281. 

L. tomentosa (Thunb.) Japan, Miyagi Pref., Nakaniida-machi. T. Nemoto 2275. 

Sieb. ex Maxim. 

L. virgata (Thunb.) DC. Originated from Japan, Miyagi Pref.; cultivated in Exp. Gard. Tohoku Univ. 

in Sendai. T. Nemoto 2281. 

Kummerowia stipulacea Japan, Miyagi Pref., Sendai. T. Nemoto 2883. 

(Maxim.) Makino 

K. striata (Thunb.) Schindl. Japan, Miyagi Pref., Sendai. T. Nemoto 2398. 

Campylotropis giraldii Taiwan, Taichung Co., Kukuan. II. Ohashi et al. 12652. co 

(Schindl.) Schindl. Originated from Taiwan; cultivated in Exp. Gard. Tohoku Univ. in Sendai. 

T. Nemoto 2292. 

C. griffithii Schindl. Originated from Bhutan; cultivated in Exp. Gard. Tohoku Univ. in Sendai. 

T. Nemoto 2982. 

C. macrocarpa Bunge Grown from seeds originated from China; cultivated in Exp. Gard. Tohoku 

Univ. in Sendai. T. Nemoto 2875. 
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Tab. 2. A list of specimens examined. 


Taxa 


Locality & Collector 


Lespedeza angustifolia (Pursh) Eli. 
L. capitata Michx. 

L. caraganae Bunge 
L. daurica (Laxm.) Schindl. 

L. elegans Cambess. 

L. fasciculiflora Franch. 

L. floribunda Bunge 
L. forrestii Schindl. 

L. gerardiana Grah. 

L. hirta (L.) Hornem. 

L. inschanica (Maxim.) Schindl. 

L. leptostachya Engelm. 

L. procumbens Michx. 

L. repens (L.) Bart. 

L. stuevei Nutt. 

L. violacea (L.) Pers. 

L. virginica (L.) Britt. 


U.S.A., Geórgia. A.F. Clewell & R.H. Godfrey 2067 (TUS). 
U.S.A., Alabama. A.F. Clewell & N.E. Hill 1894 (TUS). 
U.S.A., Connecticut. S.W. Hall 3476 (TUS). 

China, Manchuria. M. Takahashi 5897 (TNS-236208) (TNS). 
China, Beijung. H. Ohashi 11078 (TUS). 

Kashmir, Gandarbar. F. Ludlow & G. Sherriff 7682 (TI). 
China, Yunnan. G. Forrest 6523 (E). 

China, Kiangsu. H. Migo s.n. (TI). 

China, Yunnan. G. Forrest 10427 (A). 

Nepal, Chaurigoth. H. Tabata et al. 3356 (TUS). 

U.S.A., Arkansas. D. Demaree 57302 (TI). 

Korea, Heijo. T. Uchiyama s.n. (TUS). 

U.S.A., Iowa. A.F. Clewell 2136 (TUS). 

U.S.A., Oklahoma. D. Demaree 51527 (TI). 

U.S.A., Arkansas. D. Demaree 54279 (TI). 

U.S.A., South Carolina. A.F. Clewell 997 (TUS) 

U.S.A., Arkansas. D. Demaree 57169 (TI). 

U.S.A., Indiana. A.F. Clewell 1543 (TUS). 

U.S.A., Alabama. A.F. Clewell & N.F. Hill 1896 (TUS). 
U.S.A., Arkansas. D. Demaree 56947 (TI). 
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the secreted liquid of Lespedeza pubescence. 

Morphological observations: For morphological studies of nectaries, flowers 
of Lespedeza, Kummerowia and Campylotropis were collected from fresh mate¬ 
riais in wild populations or in cultivated plants. The flowers were fixed with 
FAA. The voucher specimens of the materiais are listed in Tab. 1. We ex- 
amined flowers from herbarium specimens in some species for this purpose and 
the specimens are shown in Tab. 2. The flowers were softened in boiling water 
and ethanol, and then investigated under a binocular microscope. 

Materials examined by light microscopy (LM) were dehydrated in a t-butyl 
alcohol series and embedded in paraffin. Sections were cut at 10-15 gm and 
stained with Heidenhain’s hematoxylin and fast green FCF; some sections were 
stained also with safranin. 

Materials for scanning electron microscopy (SEM) were dehydrated in 
ethanol series, transferred in iso-amyl acetate and dried in a criticai point dryer. 
Dried materiais on specimen stubs were coated with gold and then observed in 
JEOL JSM-840 scanning electron microscope. 

Observations 

Néctar production : Flowers of Lespedeza and Kummerowia cited in Tab. 1 
have clear liquid around basal part between the staminal tube and the gynoecium, 
while those of Campylotropis have not. The liquid collected from flowers of 
L. pubescence formed a reddish brown precipitate with Fehling’s solution. This 
suggests that the secreted substance is néctar containing sugar. 

Morphology of floral nectaries: Floral nectaries of Lespedeza are the disc 
present at the base of the inside of staminal tube, and surround the base of 
gynoecium (Pl. IV, A, B). The base of gynoecium is situated slightly below the 
point of attachment of staminal tube and perianth (Pl. IV; Figs. 1 & 2). This 
fact suggests that the location of the disc may bè interpreted in two ways. 
One is that the disc develops from the basal part of staminal tube, and the 
other is that it arises from the receptacle. The discs are also detectable in 
softning flowers from herbarium specimens. All species studied (Tab. 2) have 
discoid structures. 

The shape of discs vary from slight protuberance with flat or obliqúe edge 
(Pl. IV, C) to conspicuous one with tubular edge (Pl. IV, A). Lespedeza pubescence 
has the largest disc among the genus Lespedeza (Pl. IV, A; Fig. 1, J). The disc 
of L. homoloba, L. japonica var. japonica f. angustifolia and L. thunbergii 
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Fig. 1. Floral nectaries (stippled) of Lespedeza subgen. Macrolespedeza in median longitudinal 
sections of fiowers. A: L. buergeri. B: L. maximowiczii var. tomentella. C: L. bicolor. 
D: L. cyrtobotrya. E: L. homoloba. F: L. japonica var. japonica f. angustifolia. G: L. 
japonica var. japonica f. japonica. H: L. thunbergii var. thunbergii. I: L. thunbergii 
var. patens f. patens. J: L. pubescence. Left is the adaxial side of flower and right is the 
abaxial side in every figure, a, staminal tube; c, calyx; g, gynoecium; p, standard; p\ keel- 
petal. E from T. Nemoto 2891; I from T. Nemoto 1867; J from H. Ohashi et al. 12440. All 
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(Fig. 1, E, F, H, I) are larger than those of L. cuneata, L. juncea and L. vir gata 
(Pl. IV, C; Fig. 2, B, C, F). Other species listed in Tab. 1 have the disc inter- 
mediate between them (Figs. 1, A-D, G & 2, A, D, E). The longitudinal features 
of the discs of every subgenus are shown in Fig. 1 and Fig. 2. Species belong- 
ing to the subgenus Macrolespedeza (Fig. 1) have more prominent discs than 
those belonging to the subgenus Lespedeza (Fig. 2). Morphological variation of 
nectaries was studied in two species, L. homoloba and L. thunbergii var. patens 
of the subgenus Macrolespedeza. We investigated 10 individuais of L. homoloba 
at Aobayama in Sendai. The size and shape of discs are invariable in different 
flowers on the same individual, but they vary in different individuais. Though 
flowers were collected from individuais within rather narrow area, the shape of 
discs varies from conspicuous protuberance with tubular edge to slight one with 
flat edge. Both extreames are shown in Pl. V, A, B. We investigated several 
flowers of L. thunbergii var. patens from different localities of Yamagata, Fuku- 
shima and Nagano Prefectures in northern Honshu. The degree of variations of 
the shape of discs were similar to that of L. homoloba (Pl. V, C, D). 

The disc is composed of epidermal and internai cells (Pl. IV, B, D). The 
epidermal cells are one layer on the surface. The internai cells are smaller and 
more darkly stained than the adjacent cells consisting of epidermis, staminal 
tube and receptacle. These features of the internai cells are the general charac- 
teristic of néctar secreting cells (Helder 1958, Fahn 1967, 1982). The secretory 
cells constitute the nectariferous tissue which appears to extend downward in 
the receptacle to staminal traces. 

The nectariferous tissue contains vascular tissues (Pis. IV, B & VI, D). 
Vascular tissues of flowers usually contain sieve and tracheary elements, but 
tracheary elements are not found in the vascular tissue in the nectary. The 
vascular tissues are originated from each of ten stamen traces (Pl. VI, A-C). 
After branching off, each of the vascular tissues distally becomes diffuse in the 
nectary. 

Flowers of Kummerowia have discoid nectaries present at the base of the 
inside of staminal tube as in the case of Lespedeza (Pl. VII, A, B). The disc has 
the definite ridge which appears to develop on the base of staminal tube or on 
the receptacle. The tissue of the disc is parenchymatous and contains smaller, 
darkly stained cells characteristic of néctar secreting cells. The nectariferous 
tissue, moreover, contains many vascular tissues composed only of phloem (Pl. 
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VII, B). These vascular tissues are originally supplied from each of ten stamen 
traces (Pl. VII, C) and they distally become diffuse in the nectary. 

The discs of Lespedeza and Kummerowia have stoma-like structures in the 
epidermis (Pl. VIII, A, C). Five or more cells enclosing the guard cells are in- 
distinguishable in the shape and arrangement from the other epidermal cells 
(Pl. VIII, B, D). This stoma-like structure resembles Polycytic-anomocytic Type 
of stomata of leaves (Dilcher 1974). 

Flowers of Campylotropis, however, have neither discoid structures nor 
nectariferous tissues inside the base of staminal tube (Pl. IX). Moreover, no 
stoma-like structures occur in the epidermis of the staminal tube. 

Discussion Maximowicz (1873) mentioned on discs in Lespedeza, but Moor 
(1936) did not recognize them. He concluded that the discoid nectary is unique 
in the tribe Phaseoleae among papilionaceous Leguminosae. Waddle & Lersten 
(1973) recognized nectariferous tissues in Lespedeza, and Ohashí (1982) floral 
nectaries in Japanese Lespedeza including Kummerowia. In the present studies 
the presence of intrastaminal discs and secreted néctar from the discs were 
confirmed in Lespedeza and Kummerowia, but they were not found in Cam¬ 
pylotropis. 

The nectariferous tissue of the disc consists of parenchyma cells and some 
stoma-like structures are found in the epidermis of the disc. According to Fahn 
(1982), when the secretory cells are parenchymatous, néctar is secreted into 
the intercellular spaces from which it is exuded via modified stomata. This 
manner of secretion can be applied to the floral nectaries in Lespedeza and 
Kummerowia. 

In the present studies, we observed the variation in the morphology of 
nectaries in Lespedeza. Discs of species belonging to subgenus Macrolespedeza 
are often more prominent than those of subgenus Lespedeza, but the shape of 
discs seems to vary continuously and the two subgenera can not be distinguished 
by this character. 

Features of floral nectaries have been described in some species of papilionoid 
legumes (Moore 1936, Picklum 1954, Frei 1955, Frey-Wyssling 1955, Waddle & 
Lersten 1973, Teuber et al. 1980). Descriptions of these studies indicate the 
following common features of floral nectaries in papilionoid legumes: the in¬ 
trastaminal position of nectaries and nectariferous tissues composed of parenchyma 
cells. However, floral nectaries vary morphologically and anatomically. The 
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form of them varies from slightly prominent to conspicuously prominent in the 
tribe Phaseoleae (Waddle & Lersten 1973). Vascular tissues extending into 
nectaries are most commonly composed of phloem, but contain also xylem in 
some species, and lack any kinds of vascular tissue in a few species. In Lespedeza 
and Kummerowia the externai morphology of floral nectaries shows almost 
similar pattern of variation to those of the tribe Phaseoleae. The internai 
features of nectaries in Lespedeza and Kummerowia are similar to the com- 
monest feature of vascular tissue in Phaseoleae which is composed only of phloem. 

The floral nectaries of papilionoid legumes have been classified into two 
types based on their location by Fahn (1967, 1982), i.e., “annular toral nectary” 
and “staminal nectary”. However, those of Lespedeza and Kummerowia are 
difficult to be referred either of both types, because the discoid nectaries appear 
to develop on the receptacle or on the base of staminal tube. The nectary posi- 
tion in these genera remains uncertain. The location of floral nectaries in 
Trifolium has also been considered in two ways, i.e., on the stamen (Fahn 1953) 
or on the receptacle (Picklum 1954). In Medicago Fahn (1953) regarded the 
nectary as developing on the stamen. But Teuber et al. (1980) stated that the 
floral nectary of Medicago sativa L. is located on the base of staminal column 
and primarily on the receptacle, so that they chose to call it “annular recepta- 
cular/staminal nectary”. On the other hand, Waddle (1968), according to Wad¬ 
dle & Lersten (1973), interpreted that disc nectary is an outgrowth of the re¬ 
ceptacle based on the observations of nectary development in three species of 
Phaseoleae. However, we obtained no observation from the standpoint of nec¬ 
tary development in the present studies. 

Lespedeza and Kummerowia are distinctly separated from Campylotropis by 
the presence of the disc. Akiyama & Ohba (1985) considered that the inflores- 
cence of Kummerowia is a reduced compound cyme and is different from the com- 
pound raceme of Lespedeza and Campylotropis, and concluded that the former is 
distinct from the latter two. Their interpretation of intergeneric relationship 
between these genera disagrees with our results. Schindler (1913, p. 572-573) 
proposed the interpretation that the flower of Kummerowia is laterally borne on 
the peduncle terminating in a small tip. This suggests the inflorescence of 
Kummerowia is attributed to a raceme, not to a cyme as shown by Akiyama 
& Ohba (1985). However, Schindler’s interpretation was not discussed enough 
by them. 
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According to an evolutional evaluation of floral nectaries by Ohashi (1973) 
and Polhill (1981), we consider that Lespedeza and Kummerowia are more 
primitive than Campylotropis in this character. Further examinations are needed 
on other characters of these genera in order to clarify their relationship. 

Summary Lespedeza and Kummerowia have discoid floral nectaries at the 
base of the inside of staminal tube, but Campylotropis has no nectaries. In 
Lespedeza the shape of discs varies from slight protuberance with flat or obliqúe 
edge to conspicuous one with tubular edge. Discs of species belonging to subgenus 
Macrolespedeza are often more prominent than those of subgenus Lespedeza, but 
the shape of discs seems to vary continuously and the two subgenera can not 
be distinguished by this character. Tissues of the discs are parenchymatous. 
They contain vascular tissues which are composed only of phloem, and derived 
from stamen traces. Stoma-like structures are present in the epidermis of the 
discs, and are considered to serve for néctar exudation. Lespedeza and Kum¬ 
merowia are distinct from Campylotropis by the presence of the disc. 

The authors are greately indebted to the following herbaria for providing 
materiais : A (Arnold Arboretum, Harvard University), E (Royal Botanic Garden, 
Edinburgh), TI (University Museum, University of Tokyo) and TNS (National 
Science Museum, Tokyo). We also wish to express our gratitude to Prof. T.C. 
Huang of National Taiwan University for the facilities provided during the 
field research in Taiwan. 
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Explanation of plates IV-IX 

Pl. IV. Median longitudinal sections of flowers in Lespedeza pubescence (A & B) 
and L. cuneata (C & D). In every figure left is the adaxial side of flower 
and right is the abaxial side. A, C: Discoid nectaries, located at the base 
of staminal tube and surrounding the base of gynoecium. B, D: Tissues of 
nectaries, showing one layer of epidermis and small and darkly stained in¬ 
ternai cells. a, staminal tube; d, discoid nectary; g, gynoecium; p, stand¬ 
ard ; x, vascular tissue supplied to nectariferous tissue; y, stamen trace. 
A, B, from H. Ohashi et al. 12440. A, x57; B, x 124; C, x87; D, xl91. 

Pl. V. Median longitudinal sections of flowers, showing morphological variation 
of nectaries. A, B: Lespedeza homoloba. C, D: L. thunbergii var. patens 
f. patens. Left is the adaxial side of flower and right is the abaxial side 
in every figure, a, staminal tube ; d, discoid nectary; g, gynoecium. A, 
from T. Nemoto 2894; B, from T. Nemoto 2895; C, from T. Nemoto 1867; 
D, from T. Nemoto 2218. All x51. 

Pl. VI. Serial transverse sections of floral nectary in Lespedeza pubescence , 
showing nectariferous tissue containing vascular tissues (D) originated from 
each of ten stamen traces (A-C). Top is the adaxial side of flower and 
bottom is the abaxial side. a, staminal tube; g, gynoecium ; x, vascular tissue 
supplied to nectariferous tissue; y, stamen trace. All, x56. 

Pl. VII. The discoid floral nectaries in Kummerowia. A; Median longitudinal 
section of flower in K. striata, showing the location of nectary, left is the 
adaxial side of flower and right is the abaxial side. B: Transverse section 
of floral nectary in K. stipulacea, showing vascular tissues contained in 
discoid nectary, top is the adaxial side of flower and bottom is the abaxial 
side. C: Vascular tissue of nectary dividing from stamen traces at lower 
levei than B. a, staminal tube; d, discoid nectary; g, gynoecium ; p, stand¬ 
ard ; x, vascular tissue supplied to nectariferous tissue ; y, stamen trace. A, 
x 215 ; B, x 208 ; C, x367. 

Pl. VIII. Stoma-like structures in the epidermis of discs in Lespedeza pubescence 
(A & B) and Kummerowia stipulacea (C & D). A, C: Surface view ob- 
served by SEM. B, D: Transverse section observed by LM. A, B, from T. 
Nemoto 2295. A, C, x750;B,D, x819. 
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Pl. IX. Median longitudinal sections of flowers in Campylotropis giraldii (A & 
B) and C. griffithii (C & D), showing neither discoid structures nor nec- 
tariferous tissues. B, D: Portions of the base of staminal tube. Left is the 
adaxial side of flower and right is the abaxial side in every figure, a, 
staminal tube; c, calyx; g, gynoecium; p, standard; p', keel-petal. A, B, 
from T. Nemoto 2292. A, C, x68; B, D, x 191. 
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